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Abstract of J P1 1220891 

PROBLEM TO BE SOLVED: To provide a 
vibration-type actuator which can obtain 
multidegree of freedom of a driving force by a 
single vibrator with a simple configuration. 
SOLUTION: A vibration-type actuator has a 
vibrator in which an electromechanical 
transducer 3 which excites a vertical vibration 
and a plurality of horizontal vibrations with 
different phases in an elastic body 1 and 
combines the vertical vibration with at least 
two vibrations among the plurality of horizontal 
vibrations selectively to form an elliptical 
motion at a position in the arbitrary plane of 
the elastic body. Phase differences between 
the vertical vibration and at least two excited 
vibrations among the plurality of horizontal 
vibrations with different vibration directions 
which are formed in the vibrator are adjusted 
and the vibration angle of the vibrator is 
changed to obtain a driving force suitable to 
drive. 
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001 9 &fctwumx 0 , witr. eb*-?«3 

a , 3 b tffttrttff ft 12 ( 1 2 Z ) tzWmfteffllffi 

®mz&^mm:<o$.mEZAti?& t , ^<^e 

tt. fftff«3a, 3b(cJ:>)BSd^iHHi(zJ: 

-jtia. mnj}zmi?& . z<om. e«»?«3c 

fcSW*TOKl2 (12SZ) *»feB»>ajS*i639t 

[0078] Emfg«3e. 3fA>ltft«12 
( 1 2 A) tC»#c^ll«-ffii)mtCi£V^jgjSitcr)3caS 
E£ AfrtS k , ^fifcOEHSff* 3 e , 3 f 

[ 0 0 7 9 ] *fc. ES3M3 d»i, E«*?«3 
e , 3 f fcj: OI»S*<Xfc«»*<oa»«ISKJ:->TS 

St«12 ( 1 2SA) 36»<!>lX l 3ajS*lS3aS«E 
13. S»«iBfflkl/OiJV^*l4. E«S^3d, 3 



m^«3 g , 3 h#&tfl:ffi« 12 ( 1 2 B ) fcfgg& 
«s<7)EWiii&l»Cjev^«^3c5SEmES:A^'tS k . 
£*i4>tf>EtElfflK3g, 3h#iIgS#£&Wfra» 

« (fl(f») »Mfi. EttfS7«3 i 
(i. ES5M 3g. 3hfc«t0 JiHiS ftfcfiMttWM 
£» (ffllffii)) fciio-CS*, S«J - 
*>BL 3 i 1 2 ( 1 2 S B ) 

ill. 

[0080] ttz. Mmmzwmi-&i±nm*m & 
3c<7){2sii, mwmv^-bmttchmx'h 

[0081] 5ia55¥tt*4 <0«-aaWc»JSS#ifc 
<tf*i« (GASP) 4 c izj: 0 . H^rSIMxOigili^tfc*: 
U H1Tfi»»S:fi<«li*ii:* J TS4. *Jt. fgi) 
fla^+'li«6tifcS<lJt<tfflS (Pfl») 6at«t0. 

^zmmmmmmmi&< » i « £ k ^-c'^ i. . 

[ 0 0 8 2 ] 01 9ttJJSL^S»*S:ra6M»rSB 

^3>hD-;|/t5CPUt, 10 2{i^HS, 103 
Ji^fflSs, 1 CMIiSSWM**^ -yf-Tft*. 10 
5l4SBB»0Btf^5aj^E]B-C. H 2 0 j: 
OAWtSft-TV^*. SWJ0B1 0 5Z, 105A. 10 
5Btt*it«t«S«12Z, 12A. 12Bkfg^$ 
it. ESS^SakSb, 3ek3f\ 3gk3h^3£ 

ZWimoWffi. Z-X¥Wftcr>m (Mf) WM. Z 

[0 083 ] MfRW)W£A4 -y^-1 04(4CPU 1 0 
l*^<7)f^{C^^T, Z, A, B<7)3O0tB^*>^> 
2oS-S!Rt, %jg§sl 0 2*iJ:t^ffl»l 0 3*^0 
2o<7)^Srttl*-rs. iiitiO. 3«<0lsH6<7)d*> 

i tt^a^-ri. i k * { t-# * i 1 . 

[0084] 10 7ti/^Xip|2:¥Jfflht Jffll 

ihk-c, Emm?izm\\ztii3i%m&(oMm i ®ffl-r 
&zt&x'$z>. swxmzx o asDmESr-e^mffl 

it) ^^Sik* { T'#-&. HSIsl0 2^fligM 

*w&w<nm%m)mz]&rjtftz o . s$'tt^ o ltss 

[0 08 5]E«*F«3c. 3d, 3iX'%£.~ttZ 

mmmm. z-xw-mmm mm®) . z- 

fc«EJ4ttffiK 1 2 S Z . 12SA, 12SB^atT 



coo86] ztnyrtmnz&s* , ^iixmmmm 

10 7, IFfflHl 0 3, $388 1 0 2£CP1 0 1 T'3 

I. c: k £ . 

[0087] ZCOXottfrmZfiiZklzX*). IXTCO 

[0088] i : WiMfcnm o ^ttmg.ftmvg.bhn 
x\ &mfo<mig.z$zi hzk h . 

[0089] 2 : ««0J#*S#3&b*tf)T\ ftifSSS 

o^$rv*»PnU*£o < h Z k h . WitfWPMt 
«3tt4J:dlc«H)r«itfftv\ JWfcWWi, 03 fc* 

[00 9 0] ^H^[H^tiitf-i:*^f+cO 

Xi$$)-f& Zkt> X't h . 
[009 1] 3 : SB*i:»»*fcOS7tO* 

[0092] ( si i o commmm > 01 2 

[009 33 #llJtSOfl« . <?Ulf 0 9 (C^Kf 

#£1 5ZitLX3ffi-t&£ : )l l ZLXi><r)X'$>&. 3d* 
& 1 5 tt RABBET* 0 . o sK«y h r-^*»cffi 0 ttlt 

[0094] (an KnmmtDim) mi 3a&tmn 
[0095] 2p^sa*cojgiui, fr^u^#nfgo^.ma 

VflB*t4BI2 1-2 7 t^^HSfe^»<OiS«ffi 
7?faX-?4 0*fflWK2oJ^Lfci<0£»fW» 

-71 6t$iJWxXrA4 lofi^i5-tirT*7^f-AX 
-fZmfthWmfti'XTMt'ikffltnX-. ZZX 

\tztit> nm&nmie? v > x ir-m-t & . 
[oo96] ^mmmmcomma. ^Ttrnmrnm 

7?f j.x-^4 0«»4 2 k LXW.tmft<Oi>(?> 
ZmmLX, jWM«0S»a7?**x-*4 0«>»S 
«WR9ft»t. i<Ojfc*ffl<0iBKfflT?f-.a.x-*4 0 
09ttflc4 3 fc UTiifftB»#«:1W-41*tt (®»fto 

0, W4 2. 4 3 (it wmsktt&itzGLmz®. 
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£ taws l x m¥? h mwx-b h . 

[ 0 0 9 7 ] CIO J: a ^HHlfHffigti:. BIS«T#flf 

*ufc nwk k m- iz £->x 'tfbti & mix-fo * . 
[0098] *9m<r)Bmzztnz&mt& z t tct 

0, AO^£Aft&<Ii:OT'i'&V\&#Ol|gaoflgfl 
JMS«T¥ff J: 0 t«««r¥»*ff 3 i k* { T'£ 6. 4 

xfro. Mfr^&mifozmx'h*). %&itsmxr 
Tm®Aco&z^x'€btix^?>. jmmfmmm 

kX\ \<K^xy-)\/X'\mMX'hhMfr^WfcZ , % 
%\,zftoZktfX-%h. 

[0099] (mi 2<nm&rffiW) 01 20 
[0100] ^dt<ojB!BJi. fraufe*Hit<o»9sa 

tA*f^fS02 1-2 7 fc-£*>fc*!a6«)#SOSI&g 
7?fal-? (^SiS»S7^^-aX-^) 5 0 

idtLfefc<0T. &MtsXrf\3m*t&ZbtfX'%l 
^fii-i 1 5 OO»K){*:2*^0*O^i:^l4f 

[0101] (HI 3cr>mmBm 01 5{4*JffiH^) 

mi 3ommcDBB$:*i-. 

[0102] *Hffio«ffi(i, fr^LJt#HtSO^®5. 

vajW6H2 1-27 h%Mz&nM<mm<r>wsm 

T^^-jlX-^ (^S4SS»Sr^f-aX-^) 6 0 
cr)n.WB^<mWiW 2?&zi]*=7 1 8$rl£HL, 

[0103] [H 1 4 <rmWMW\ 0 2 1 (±*HJfeO 

BmnmmmT? fax-? o^3tav»jia ^ tk l 

TV^i. #-0*S»#: 1 0 0 1 LTOna»«05M4#: 
10 1, 1 0 2O^Ifc, 021 (b) fc3TrfJ:-3fc:4# 

Estg^io3 mufflx'4ftmizftmzixtzmffl: 

ttHje 3 *iTV v& . i offim*^ 1 0 3 «i##fiESJiB 

*i3fc*o-C^*. Srfc, ig»^10 0O^»l«Jl0 
2 tOSMSB (IBttSB) fcfcSrtfflilll 0 0 aJiStUt 
»LT<PW>»C»SK$<t, «*0#»)«: 1 0 2 ^^FrtSB 
KAOjitfidfcL-CV^. 

[0104] E«3fff i o 3<D&#mm®A~~Dimm 

ttC^ffi S 0 , iSlft* 10 0 5: Z Ift^fS] 
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V A =V B =V C =V D =sin cot 

V s =V C =sin cot, X(iV B =V D =sin cot 

[0 105]-*, WmW 1 0 0 i XfSWrii] (Z-X¥ 



V A =sin cot, V c =— sin cot 



£>L<fi 

V A =cos cot, V c =— cos cot 

[0.1 06] 5Sfc. WMfcl OOSrYSfcfrfa (Z-Y¥ 
V B =sin cot, V D =— sin cot 
V B =cos cot, V D =-cos cot 

[0 107] -HxleioT. 021 (a) K^tfcJ:? 
fc, Ztt^cofgK^l^-FtL, Xfft/ffi&tfY 

[0108] fUm&M&tlZblzk'Om&Z'h 
§< UcHl^tfl 0 1 all Xtt*(6]Rl/YW*|fi] 
t0ii«|-C-Oli5O{iSi: LT. flff (Sft) *)£fiHt*i: 

[ o i o 9 ] 4^. ««t*j<w*i t izx m&Z'b 

Z< Ltzm2<r>mftl 0 1 bJ4, Z«d5rffl*)SairC0>ti5 
<0fiBk LT, M<rm.Wfckt VX<V&BZ$kfzt. 

[01103E21 onjfromKi. Lfcss i ~m 

W-«IT fc S*Wt=tt1M8W>#tt 

[01111 atJfcK^B* 1 0 2 0 CUBS 

[0 1123 XIW3i9fc»»*l 0 2*EBB$«4«^ 
fctt, ZW*|6]co^etY|4*(t]co^fi^, Mx(4'9 0 

[01 133 -f&fc*) 

V s =V B =V C =V D =sin cot ( Z «dj fi^ft ) 

k, 

V B =cos cot, V D =-cos cot (Yffli$fg!$L) 

[0 1 143-f&;b*>. ifc**)J:3fc$:S. 
[0 1153 
V fl =sin co t 

V B =sin co t +cos co t =7" 2sin ( co t + n/ 4 ) 
V c =sin co t 

V D =sin co t —cos co t =f 2sin ( co t — it/ 4 ) 
X, Y«09t;^»*lO2£0«3-£S*£fcJi, Z 



[0 1163 

V A =V B =V C =V„ =sin cot ( ZffcfrfiMi) 
V A =sin cot, V c =-sin cot ( Xffcfr fa^ft ) 

[01173 

V A =y"2sin (cot+Tr/4) 
V B =sin cot 

V c =v r 2sin (cot-w/4) 
V D =sin cot 

cj: o . ( zw*[6j^(2+xii*(«]^{a) o3<w§-£ 

[0 1 183 St. Z«HH0K»»*1 0 2£[3Ik£i2- 

[oi i9]-r&*>t>. 

V A =sin co t 
V B =cos co t 
V c =— sin cot 
V D =— cos cot 

iZX*) . ( Xffcfrfi^ft + Yfftfcf ft^fi ) 0£#fl^£ 
[0120] Ztt*[S]CO^(iS-||3E|-ri.^t, E 

0 30#«B«A&tfC«*S:fflvv/t:*a£fc: 
[01213 -f xttls] 0 comiE^Wi 

V A = V c =sin co t 

V B =cos co t 

V D =— cos cot 

k%r>. Ytt@0<OHH6c7)^t(i 

V A =cos co t 

V B =sin cot 

V c = —cos co t 

V B =sin cot 

k&O. zttigoaiBifiaBCtt 

V A =sin co t 
V B =cos cot 
V c =— sin cot 
V D =— cos co t 

[0 1 22 3 fi[ffillSr9 0 a ctf«i5;k 
izX 0 , fcRiUB^IfcWEfcU ^ISfls 1 0 2 kfilft 

[0 1 23 3 1 5 nm&Vffim ] 022 

[0 1 24 3 Zcomfo<OBBli£-<r)WMfo 2 0 0 1 L 
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x . nmfttm&fc 20 it m&nwm 202b 

§ *t t 0)7* £ . 5ltt* 2 0 1 teHPSHCfi 2 ft 
mZUXmz, 2tt<r>®&-®Mx.*)l>*?-%®m?b 
LTOEMFP2 0 3. 2 04£8H5L7^S. X. P3 
8*W>3Wtft-2 0 2 fcfc«Hfc40tf>«j!l-««x*^ 
df-^SUR^t LTOE*^2 0 5 a~2 0 5 d#IS 

[0125] Em«? 203 (i«Bk *4»tt* 2 0 
1 £02 2 ( c ) tcsrfj: 9(=XHttrfflfc:jEfflSHi:ifc 

#>GDi> C0T'£> 0.01 0 T'tfOSHSl 1 3 e , 3 f bffl t 
X. ffSS^2 0 4(i®tt*2 0 1 £Y 

«*Hd fc ^fi § h tztb<n t 07* 0 , 0 1 0 7*>E* 

03fc204i{i#«iffl£9 0* -f&l/O**. 

[0126] Snm^F 2 0 5 a~dl±£T|5l#tt 

IZttmZtiXS 0 . P3«^03ltt* 2 0 2 £02 2 

(d) fc^tidtcJiftS-ifiifctJ: 1 }. IMift 
•&5$1tft2 0 1 £ ZiWiftlCSEfiS-fr* i 057*4 . 

[0127] E»&i:&45¥tttt2 0 1 «iSjc#<0» 

* 2 o 6 *«» 1 4 nmmnmBt mmtz as o . 

EM.m=F2 0 4 kE«3R?2 0 5 a~d tc£#fl^£0ij 

uf9o° w&&-rt>Lxmtr hzbizx*). xitca 

OKSt&ft2 0 6£|IliE$tf4::fc#7#4. X, St 
9?t?2 0 3 tE«*p 2 0 5 a~d(C2fc#fi*£W*.tf 
9 0' ffifflt"ffeLT«IW*;kfeJ:9. YttHOtc 
&ttft 2 0 6 £EHEStf4 i fc#7£ 4 . 
[0 12 8]-*. Z«iIllOK»»l*2 0 6tEieS-fr 
6«^Ktt. S««^ 2 0 3 fc 2 0 4 K23Hf^£ W*. 

tf9 0* ffiffl^-f t>ixm-f&zblz%h. 

[ 0 1 2 9 ] »ft2 0 6 £»j#|SiKMffi3: 
< . #CWtt#2 0 1 (d£K3-£4fctf>£(i. 02 3(c 
X^btzi ^ C5Mt*2 0 1 tf)rta5fc*A«52 1 0 5: 
Rft, J5t»»*2 0 6 gft£S8ttttt «k ->T»J(W* 
*9#jW&4. iO«J6(Cj:->T, 8>«I*2 0 6U«E 
<?D8»*tJ:oTa^*I*lt:*»4»*><5>-f, 2 
0 0fcEig*4£4:i&*7*4. 

[ 0 1 3 0 ] =fir*J. 9 0 ° b L&^7E«cDft 

[0131] [35 1 6c9HJfcc7)J$S] 02 4{±*HJfe£7) 
LT^4. 

[0132] icoSeS6W»SJ4H— ^>SIW*t3 0 0 1 L 
T. P3ft#«tf>Wtttt3 0 1 i:P3K4iW>»tt*3 0 2 fc 
*«63«fcfc«>7*4. 5¥tt#3 0 1 tf>rt«fcU:*A. 

?2»ft3 0 6£&B#. OfcfcJ:9«»LTJHfc&£f*4 

J:3KL/rvt4. 

[0 13 3]»tt*3 0 2fctt. *BK:400««-« 
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0 3 a~d#RJt<5>*l7^4. Sm^3 0 3 a~d(± 
iMtKWK£#ft-^* 5 «&$ ft 4 .It K £0,024 

(■ b ) ~ ( d ) KSnLfcJ: 3 tc, W»ak L7055M4* 
301&Xti^(cXtt3-fr. YWtflMCJKffiStf, t 
L < ttZWdSrmtJEffiS-frft 'i t #7* I. . 

[0134] ZLX. '9Mflc3 0 6»XHHi>)l=iaG$ 
*4IRfc:H* Y(fcfr|*K03M& (02 4 (c) ) fcZffcfr 
flfcgffi (024 (d). ) t\ W£tf9 0* {ifflMSrt 

3ftt4i<t«rj:<. Ymwimmziixmuftcom. 

(02 4 (b) i ZW*[6]^{4 (02 4 ( d) ) 

fcGME3*fcV*Ctt. XWcSrifilCSffl (024 
(b) ) t YWdTiftlOSgffl (02 4 (c) ) Witf 
9 0" 0fflfi£*RirC-9-£&. ftffl^£9 0° 

4. 

[0135] ^-E«^? 3 0 3 a~d^co^#ft#«0« 

[0 136] Lmi7<r>m&<r)&&]®2 5t l i%mm<F> 
mB<OMW)m7??j.x-fcr)ffi&Zjjk-fi J a)X\ *- 
W»*4 0 0k LTP3tt^KO«IS:c7)»tt*4 0 1 . 
4 0 2, 4 0 3£jgj£U 3ltt*4 0 1 b 4 0 20I3K 
Sm*^ 4 0 4 L. 5114*4 0 2 fc 4 0 3tfDBIK 
EW&r 4 0 5 SRSrfCV^S. 3o<7)5¥ttgl5»4 0 1 
-4 0 3!,mmfflttb LXff)^Vh4 0 7fcJ:-7T*»S 
SflTV^. $Nfc, 4 0 6{i«ttco#K)#:-C'$).|>. 

[0137] ^OKOJBfflfCtt, ffi»#=4 0 0 bmsW 
406bnmgZ. X-7l,z&l®3Uz£iX?rz> £ o 
LfcCIkS^akLTV^. -«r*>t>. *-^.4 08S: 
S»*4 0 0i0lEi)^i£^c0ia^4 0 1 atzff At. C 
<0*-^4 0 8t«J:oTxTS:«R9|-fSii:tJ:0. 12 
»aSfiBK«WtfJ*!fe±3-li\ ^»*4 0 6 $:fi^*(6l 

izfrfrbh-rmzm>ft4 o o bmsmti zbm-t 

[0 138] 4 1 OiOr-XTh-oX , 5¥tt#:4 

o i k 4 o 2<otat»E»§<ifcSi*am4 1 1 oms» 

* 5 Il^$til>iklcJ;0. «S86«i:4 0 0 2r3:»LTV^ 
4. 

[0139] [mi 80Hte^©] 026 ( a ) IZtf. 

iO-C. ^S)#:4 0 6 SrHI!)*4 0 0^|g»ggtcS«$-tt 

[0140] 1 0<0±g?(C{±. H— 

A^±^^'-4 1 2^'WSi: tTO^-;l-4 1 3tcJ: 
0*"-X4 1 OCttLTHRSfcteRltfcft.TV*. ± 
*>n'-4 1 2K(i4 nff(X, 3^;l/y^-4 1 4(Cj:oT 
»tt4 0 6 5:«J*4 0 0«#|6|fcfrtW6# LWt 
S15W4 1 5 3^»gtt(C|Wt^T^*. iO»UWt 
S5W4 1 5 t <t 0 , SWf|c4 0 6{i»(*4 0 
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oizmirnmzfrfrbb'm&x'Z&zbizKh. mm 

fa4 0 0&mt3i;ftUtt4 1 HC<fc9^-X4 1 0K£ 

[0141] o 6 win^s^ 1 1 

X<T)^4 0 6 a#±#A-4 1 2 J: 9§&iiffM$*rC 

fcO, ^td*4 0 6S-t'c7)^ri«]tt[llte-c#l><J:o^» 

±#A-4 0 6tC(i@2 6(b) fcip-f J: 0 t+^tfO 

4 1 2 ajWHSRSflTHS. 
[0142] ^K)f*:4 0 6C0^4 0 6 ate$X# 4 1 

4 0 6a b'<Di o =5r^"[S)fc:|lIK (Sift) Wrfcl/Ci. 
±#A-4 1 2 fcEHEStfT t'it*>OflJX# 4 1 2 art 
fcA 0 a*. NR Sr5»t ft - 1 &v ^XolzlX^Z. 
[0143] [mi 9<r>mM<^BBl 02 7 ( a ) fcjj* 

±#A-4 2 0(i#-;U4 1 3^J:oT^-X4 

1 OCttLT@i|£i£C£&£ftT^ftA\ 1a'*4 2 
2i#-)VA 1 3^WSS5{CiiJOLTV>S. ££9]1A* 
4 2 2{4Ha»fcli^-/M?i«BfB4 2 3 fclBKAft.TR 
(t4>*U ±Sr-X4 2 0g#:$:^-*4 1 O£*tLT0 
Kfc^TT^fafc&ft. mi)fo4 0 6tmW)W40 0t 

nam m izm? sufc-r . 

[0 144] ±^-X4 2 0^rtMc{i3*WtH^ 

ffLWtS«4 2 4#»jS3*l-C*> l 3* flUf(«W4 

2 4 K J; o T ?IK)tt 4 0 6 itigHftCtt L T Eg § tl ft 

lblz%2>. 

[0 1 4 5] ±^-X4 2O£fi02 7 (b)t^-f«t 
0t,Z\%Y?ZttW)XZ420 &tf&l&ZilX^&. Cl^ 
4 2 0 a<oaUi. ±i£U:02 6(b) T'tf)« 
A£4 1 2 at Pitt-* ft. fcfc, 027 (c)'(Clitt 

[0 1 46] 02 6, 2 7t^tJt±*^*-4 1 2, 4 
2 0 SrSttfeWS^ffllTJi, ?lil*4 0 6*9S«t_b& 

ffiR*>*Hfc«rl»iM-* i t #?* ft . 
[0147] [3H 2 0 ff)9m<DBB] *HJfiO®»{i^ 

j: o zm&nmz t> ebet £ ft <fc 5 U: 

WtW. H2 90lBWiX-Z 3 Ffflrt"PXiS*»feZ 
•fcfrfofctfi Mv^ttS-^t, 02 9?»(2X-Y¥ 

ffirtTXlto^YliKrifdfctfj «v^(HHI0OEHk** 

LT^ft. 

[0 14 8] -?-LT. »^t=5rft#XW s Ytt, ZjttK 
*tLTgftft«£fr[6jl;:0i , 0 2 fflv^(4[H0O[IHK5: 
ft «t o Ctlitf. WlW-r kfi**rtf|6|«)*l 
0 ■5<nEH&&9g8i , C& ft J: ? tc=5rft . 

[0149] mmbix. xmzmmb lx. 
mz^xmmth. 

[0 1 50] 02 8tcSrf X-ZTffiflTXtt 
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co6 l = Aa>xH-Bcoz 

fcfc*LB/A=tan ^ i: LTSHT^ & ( I cox | = 
I 6>z I T'£>S) . 

[0151 ] 12 9(:^tJ; 3 i:x»Yf irttxtt^ 

cod 2 = Ccox + Dcoy 

fc£LD/C=tan # 2 i:l/C£»C§S ( I cox I = 
I toy I T*&) . 

[0 1 52] 5Efc, #i &^^ 2 ftvvfcttBOcOEME 

co(#i +0 Z ) =ood x + co8 2 =Ao)X + Ba>y + 
C co z 

fc*5U B/A=tan # 2 , C/A=tan fc LT5£ 
[0153] muzm^Z 9 0 • t Lfc«£TBMH- 
[0 1 54] jaBffiT^^AX-^i:LTIiHl-l 0 

r^ffli\ mi otc^Lfc#«ffiffii 2A, i 2 

B, l2Z^^J:3*3M^«fr*-6ii:fc:J: 

[0 15 5] Xtt0OOlH]te6Jx(i 
V 12Z =sin cot (Z^"fp]) 
Vi2B =cos cot ( Y^Tfp] ) J 

[0 156] Ytt09*)EN£a>yli 
V 12Z =sin cat ( Z^f&l) 
v i2A =cos «t (X^TIpJ) 

[0157] % LXs zmm<7)®&co z it 

V 12A =sin cot (X^"[p]) 
V 12B -cos cot (Y^Ffpl) 

[0 1 58] X-ZfffirttXiA^^ m^tz 
V 12A = Bsin co t 

V 12B = Acos 60 t + Bcos cot= (A4-B)cos cot 
V 122 =Asin cot 
tztzL, B/A=tan 6 X t%&. 
[0 159] X-YTfflrtTXiK^ 2 ffl^fcHEIO 

v 1 2 A ~ D COS CO t 

V 12B =Ccos co t 
V 

12Z — Csin cot + Dsin cot — (C + D)sin cot 
tztzl, D/C=tan 6^ 2 fc&& 0 
[ 0 1 6 0 ] at/ (9 2 Sr^^WOcO 

V 12A =Bcos co t+ Csin cot =7" ( B« +C2 ) si 
n ( co t + a ) 



(12) 



V 12B = Acos co t +Ccos co t = ( A + C ) cos cot 
V m =Asin cot + Bsin cot = (A + B) sin cot 
fcfc'U B/A=tan & t , B/C=tan a, C/A = 
tan 6 1 b~$h, 

[016 1]&£. 122 1. 24£^L£ffii&Ilr?f- 

^-tzm^z^z^xmrnh. tztzt, &r 

[ 0 1 6 2 3 V fl ~V D t(ill2 1 ( b ) TfcMMJ-WR 
«A~Dfc*ff6U 024 (a) T't^Em*'? 3 0 3 
a~3 0 3dfcStjfrt&. 

[0 1 6 3] X-Z^ffirtTXttiO^, fflV^ttElO 

V A = Asin cot + Bsin wt = ( A + B ) sin co t 
V B = Acos co t + Bcos a) t = (A+B) cos cot 
V c = Asin co t — Bsin cot= (A — B ) sin cot 
V B = — Acos co t — Bcos cot=— ( A + B ) cos co 
t 

tot'U B/A=tan 6 X btth. 
[0 164] X-Y¥ffl|*rCXlfo&»6 0t fflv^ttigo 

V fl =Csin cot+Dcos cot=f (C 2 + D 2 ) sin 
(cot+0 2 ) 

V B =Ccos cot-Dsin cot=f (C 2 + D 2 ) cos 
(cot+# 2 ) 

V c =Csin co t-Dcos cot=-f (C 2 +D 2 ) si 
n (-cot + # 2 ) 

V D =-Ccos cot+Dsin cot=-J~ (C 2 + D 2 ) 

cos (cot + <9 2 ) 

fcfc'U D/C=tan 6 2 b%2>. 

[0165] f Lt. e x mfd l *^iotei$m*)<n 

V s =Asin cot+Bcos cot+Csin cot 
= ( A + C ) sin co t + Bcos co t 
=f { (A + C) 2 +B 2 (sin (cot+a) 
V B =Acos cot+Bsin cot+Ccos cot 
= (A + C) cos wt + Bsin cot 
=f { (A + C) 2 +B 2 } cos (-cot+a) 
V c =Asin cot— Bcos cot— Csin cot 
= (A — C) sin cot — Bcos cot 
= -/" { (A-C) 2 +B 2 } sin (-cot+/3) 
V D =— Acos co t + Bsin cot— Ccos cot 
= — ( A + C ) cos cot + Bsin cot 
= -./"< (A + C) 2 +B 2 ) cos (cot + a) 
fcfc'U B/A=tan 0 2 , C/A=tan , tan « 
= B/A + C, tan /3 = B/ (A-C) fc&S. 
[0 1 6 6] l23 0tiJtieL!tl22 1 , 24cr>Mmfo* 

[0167] 101 ii 3 y b p-^-f S 

CPU?. 10 2ltft&»> 10 3A, 10 3BttfiHfl 
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is. 1 04tmtRmwi^ -yj--c$>?>. 

[0168] 105Z. 105A, 1 0 5 B itmWS^M 
£ft.&SW][fl]S&T\ ttJ^jEIB 1 0 5 Z , 10 5A, 10 
5 B{±^iim^ffliiS3 0 3 a~d fc«ttS*U 
«E (S3Mi#) ZWtottl. Zti^coSMm^Fli. Z 

[0169] 3£«f§ 1 0 2 C03»$!ifc£»tt<7)|ira 
;c.l>.r£:# ? T'#l>. 

[0170] 10 1 WWZW&Wfc? hfVVXWSsm 

hZb tfX'Z h . ' W*flK>MWc J: 0 Epflllflffifc -eft 
WfflS"H4ir^^t Sit, JBK^fc *it«i«Mtt 

[0 1 7 1 ] {affigil 0 3 A, 1 0 3Bi±, ftffiHl 0 
[ 0 1 7 2 ] 3fS2 0 cvm&nBBlZ^ltllft&^Z®. 

[0173] 1 03 (303) X'ft&tlZWi 

*iosaft««ti6tJt«Eii«iaj«^ 1 2 s z , 1 2 s 

A, 1 2SB^3itT^aj[Hl8&l 0 6frt>Ztl?il<Dm 

d. ffifflcoflWRtfc p u i o i t;ujs*u> . 

[0174] iflfeOflBBK*?* . 'WXMHMilB 
10 7. fiffi^l 0 3 A. {4ffifi 1 0 3B. &SSS1 0 

2^cpuioitn y hn-/PU ^-mm^&com 

[0 175] *fc. (HlK^tilfH 0 8c7)ft^^7^-H 

[0176]$ <ot=. SlJiJEISS^^OfflfgtS^^ . a- 
;PXfft!l«i|B|K 10 7. {4fflH 1 0 3 A. tffflSs 1 0 3 

Bm3yh\j->i?$>zbx\ mmcomnmfrmtf. 

[0177] ZCOZotcmm'tfoZbizX*). am 

zbmmbtch. 

[0178] 1 : wmfonm r )iiftmig.ttm i >£hz>cr> 
x\ ®mfo<vm%.z$zt hzb tfx-% h . 

[0179] 2 : ®milft1fiff£b&<7)X\ fit^lfta 

B<o«stov^tt. ftmfanmmizii Lxmnnrntf 
S3W*j:3cfW»r*iarfiif\ Aftwtctt. 02 it; 

jpLfc»tt#100*>l*ljafiS10 0a (ttHt^LT^ 

t. wmfttzmz z btfx-% & . 

1 0 1 8 0 ] £>£U2. T®^lHlK«ll±JW-t«^ttcO 
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[o 1 8 n 3 : mmtnmfotwz*)-}; (mm 

[oi82] u±mw Ltz% 1 4 commcomms 2 0 
commcDBmwMMmTfj-^-?*. 013. 01 

[0 183] ttz, 02 ICO (b) iZ^tXoiZ^ JEES 
»^cOxtt. ym*ftmm®<?)*Mzlk%.LX^Zi)\ 

ztiizmfeztiz t(ox-i±^\ 

[0184] sfet. ®mmzttixm®m®mzit 

Z&olzixh&w 

[0 185] 

tf, imm$>&&!g.MMintz>c\btfX'Z 

[0186] #HlIJl#:T"&&cOT^'<-XS:ll3re 

^-<oii, mmffi<vftmzmtxmm-t&3WcoMM 

oyy* < k 1 1 ocoUKcofiffiHSrPiE-ri. £ t C <t -3 
T, »{*co»«JSSr^b$-ttl»^t* { t^, 

cO®i)tC®S^ffiRSIl^lilll#:±{C^«-C'# & . 

[0187] 11*^8 ft**9MJfc Jfitf . »fr<0li 

s» 1 are- YtmwmTd&i- KtMPM-i-n:. 
% g ;fax-; * sjw izt &x- # 

[0188] m$m-i 1 fcffijratiwar, £g 

=5r«mT<0»^^SIW^. & . 
[Elif«m**KHB3 

[01] *jwB<os 1 commtommz^ t , ( a > 11s 

■WtttfHMHBBL ( b ) ii»tt<offiSiifii<o 1 

F, (c), (d) litt»02<JFe-l<fejR*. 
[02] *»!Utf>» 2 <0HSt<0JE8B£* L , ( a ) ItM 

wmmmmnm. ( b > ii»jttcD«ig»co 1 

F. (c), (d) {4«att02iX j e-FS:^-. 

[03 ] *w>m%3cr>mmBB*^-mmmT7i- 
[04 ] ^m^m4(omm<r>mm^-tmmmr^^ 

aX-^^KrS0. 

[05 ] *fra^»5<^M<WJB*5r«Rlffl7^f- 
j.x-^<og)fffi0. 

[06 ] *^com6contscojg®^^-nii)Sr^^ 

aX-:?<7)R)fffi0. 

[07 ] *^<o^7<7)iiiit7)^©^^-riiii)Mr^f- 

aX-?<oBlTffi0. 

aX-^cOSliE0. 

[09 ] *^^9<7)nss<7)^®^^-rffiiiar^^ 



[010] m9<vM®fa<r)ttM®ffim. 

[011] (a), (b) li®9(r>miikZ5ftUctf. 

m*tmm®t±mm. 

[012] 1 OcO^M^m®Sr^-TilS0. 

113] #&BJ<0SI 1 1 «OHM<O^«Sr*-rm0. 
114] 1 2<7)»6coJgffiS:^-rffl!lffi0o 

[015] 1 3«ma^***r*glffiB 



116] 'J>^»<*^lffl0. 

[017] qmmmwmr9**x-9fffflm. 

[018] ^<O»M7?f-iX-?coBfiffi0. 

[019] m9comm^mm<ommm^m, 

[02 0] 01 9Oai71llIS§cOI51S§0. 

[02 1 ] m\ 4<rmn<mtB&7FU ( a > osim* 

( b ) liEttSTOTlBBI. 

[02 2 ] HI 5<O0O6<OJBffiSriSU ( a ) tiSt&tt 

<ofl-filsftS0. ( b ) ttffiM^KS#tofc#«B5r[*] 

( c ) . ( d ) \imM<vsztiL**#m. 

[02 3 ] 02 2«J8»*i:«»#i:Oiagi«^S* 



Ah 



124 ] mi 6<0#£jfc0^ffi£5SU ( a ) liJU&ft 

com^ii0, ( b ) . ( c ) , ( d ) \mmw<v%.& 
[02 5] mi 7<nmtomtei7ttmM79*jLX. 
[026] mi8comm<?>Bm<QMW)m77j-3.x-? 

( b ) ii ( a ) <O±ffi0. 

[ 0 2 7 ] $ 1 9 nmm^Bi&^wmt ? r ix- ? 
$t;fu (a) (± (b) coB-B' Kwmwm. 
( b > « ( a ) <7)±mm. ( c ) teffism. 
1 0 2 8 ] m 2 0 <?>mm<7>Bm<Djm & mmt & fz#>co 

K? F/1480. 

[02 9] »2 0tf>HtttfD»JBOlBa*SKB-f4fe«>«) 
F/I4I0. 

[ 0 3 0 ] m 2 0 contfeco^ffi^wiHiK^ y o ? ? 
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